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SUMMARY: The relative importance of the effect of outdoor 
environmental factors (suspended particulates, sulphur dioxide) 
and: indoor environmental factors (parental smoking, gas cooking), 
on the respiratory health of children is still unclear. To answer 
these questions, a 3-yr cohort analytic study has been conducted 
in Hamilton, Ontario between 1978 and 1981. The prevalence of 
respiratory symptoms and indoor environmental factors was 
determined by an interviewer-administered questionnaire. Pulmonary 
function measures included both the forced expiratory maneuver and 
the single- and multiple-breath nitrogen washouts. Outdoor air 
quality was measured by a comprehensive network of suspended 
particulate and sulphur dioxide monitors. There were 3,345 children' 
7 to 10 yr of age studied in the first year, a response rate of 
95.4%, 3,727 in the second year, and 3,168 in the third year; 75.6% 
of the initial cohort were studied in both Year 2 and Year 3. 
Comprehensive quality control in the study included measurement of 
the repeatability of both the questionnaire and pulmonary function' 
data. Repeatability was acceptable except for variables derived 
from the single-breath nitrogen washout (correlation between initial 
and repeat closing volume vital capacity was 0.14). Cigarette 
smoking in Year 3 was reported in 4.8% of the children. The 
distribution of other covariables was not uniform, and the 
prevalence of parental smoking and gas cooking was greatest in the 
industrial area with the highest particulate pollution. Future 
analysis of these data will require the effect of these covariables 
to be distinguished from that caused by outdoor air pollution. 
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Introduction 

The study of cnvironmcotaJ f^ors 
responsible for respiratory disease in chil¬ 
dren is important for 2 reasons: (7) the 
absence of confounding factors, such as 
personal smoking and occupation, 
makes the interpretation of any observed 
association between air quality and re¬ 
spiratory disease more credible; and (2) 
the growing realization that respiratory 
illness during childhood may predispose 
to the development of respiratory mor¬ 
bidity and early mortality fron respira¬ 
tory illness during adult life (1; 2). 

This particular usefulness of children 
has become more important as air qual¬ 
ity has improved during the last decade 
(1970-1979) and levels become closer to 
the Ontario guidelines. For total sus¬ 
pended paniculates (TSP), the Ontario 
objective (annual geometric mean) is 60! 
Ug/m*. Id 1978, the annual TSP in 
Hamilton was 77 pg/m^. For sulphur di¬ 
oxide, the objective is 0i02 ppm annual 
average and the measured level was 0.016 
ppm (3). 

Studies in several countries from 1967 
to 1978 have identified a number of en- 
vixonmental faaors that might lead to 
respiratory disease in children. The ini¬ 
tial study of the effect of the particu¬ 
late/sulphur dioxide (SOj) complex was 
conduaed by Lunn and coworkers (4) 
and showed increased prevalence of re¬ 
spiratory symptoms and reduced pulmo- 
uuy funaion in areas of poor air qual¬ 
ity. Improvement in air quality led to a 
nxiuciion in these adverse health effects 
(5), FoUow-up studies in several towns in 
the United IGngdom by Melia and col- 
Itagues (6) showed that adverse health 
effects were now extremely difficult to 
find with the further improvement in air 
quality. These studies, however, did not 
consider the possible role of parental 
CDoking. 

As outdoor air quality improved, at¬ 


tention changed to indoor air quality, 
particularly in relation to parental smok¬ 
ing and indoor sources of gaseous pollu¬ 
tants such as gas stoves. The health ef¬ 
fects from parental smoking appear to 
be most marked in the first years of life 
(7), but studies of this effect on older chil¬ 
dren have not yielded consistent results, 
some showing increased prevalence of 
symptoms (8) but others showing no cf- 
fca (9,10). Colley and coworkers (11) sug¬ 
gested that the effect of parental smok¬ 
ing may be due predominantly to the in¬ 
creased prrvaJence of parenial cough. An 
effect of parental smoking on children's 
pulmonary function has also been shown 
(12,13). The influence of gas cooking was 
hrst suggested by Melia and coworken 
(14), although the effect seemed to de¬ 
crease as the children became older. In 
contrasty Keller and colleagues (IS): were 
not able to find any effect of gas cook¬ 
ing on children's respiratory symptoms. 

The uncertainty about the role of low 
levels of TSP and SOj . and their impor¬ 
tance in relation to domestic environmen¬ 
tal faaors, led us in 1978 to initiate a 3- 


yr cohort study in Hamilton, Ontario 
that was designed to answer the follow¬ 
ing questions. (7) Is there an effea on 
childirn's respiratory health of suspended 
paniculates and SOi at the present lev¬ 
els? (2) What is the effect of the various 
faaors in the domestic environment 
when considered in relation to outdoor 
air quality? 

The main study was preceded by a pi^ 
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TABLE 1 

SUSPENDED PAFTTCULATE LEVELS BY AREA OF CfTY 


(JANUARY THROUGH DECEMBER 1»a0)i 
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k>t study (16) which dexnonsmted that 
WTthin Hamilton, Ontario, tbert existed 
substantia] ^dienu across the city for 
suspended particulates and SO 3 that 
would enable us to study chOdren with 
differing exposures in the same city. This 
offered major logistical advantages in a 
design similar to that of Lunn and co^ 
workers (4). During the current study, 
these gradients for suspended particu¬ 
lates continued to be present. The levels 
in each area of the city during 1980 art 
shown in table 1 in terms both of the an¬ 
nual geometric mean and of the daily 
maximum. The table also shows the 
proporrion of paniculate load less than 
7.0 (i. I>espitc the increasing level of par¬ 
ticulates tovvards the industrial core, there 
is little change in the proportion of par¬ 
ticulate matter less than 7.0 \x. 

Mathoda 

Design , of Study 

Hamihon, with a population of approxi¬ 
mately KOODOO; is a city situated at the west¬ 
ern end of Lake Ontario. The dominant geo¬ 
graphic feature is an escarpment ofapproxi- 
mately 100 m high that runs from east to west, 
effectively dividing the city into a lower sec¬ 
tion and a mountain sectioni The city is in¬ 
dustrial, with the heavy industrial core, lo¬ 
cated in the northeast section of the city, be¬ 
ing the dominant producer of paniculate and 
SO) enussions, although there is a secondary 
SOi area source in the commercial section lo- 


aary for biolopc sigruficanot One of the prin¬ 
cipal outcomes of interest was the measure¬ 
ment of air (low, especially at low lung 
volumes. Estimates of the mean and standard 
deviation of these variables were obtained 
from our pilot study (16) (FEV,: mean, 1.79 
L; SD, 0. J6; MEFn: mean, 1.09 L/s; SD, 0,44), 
The first criterion employed in sample size 
determination was that there should be only 
a 10^ chance of missing a biologic differ^ 
ence (Beta error « 0.1), A second criterion 
was that a difference was considered to exist 
between the 2 samples if the appropriate 
itatistical test showed that the observed ^ffer- 
ence had only a 5% chance of occurring in 
the absence of any real difference (Alpha er- 
joi » 0.05). Within each of these quadrants, 
schools were randomly selected until at least 
800 children from Grades 2, 3, and 4 during 
the initial school year had been included. The 
only children excluded were those older than 
lOyi of age by the end of 1978. All children 
in the required grades from the final school 
•elected in each quadrant were chosen. The 
children included in the first year of testing 
made up the initial cohort. 

After more detailed air quality monitor¬ 
ing during the first year of the study, it was 
realized that the area ofhighest erposure (ii., 
TSP annual geometric mean > 60 ug/m’) was 
underrepresented, despite the initial stratifi¬ 
cation by quadrants in the original design. 
For this reason, the 3 remaining seboob in 
this area were added, with all children within 
the required age interval being included. 

In action, in the second year, all children 


in this same age interval as the initial 1 cohort 1 
who moved into a school of study were in¬ 
cluded in the study. During the third year^ no 
new children were added. 

The questionnaire used in the study was 
one that we bad employed in the pilot study. 
It was developed from a questionnaire us^ 
ID a similar study in the European Economic 
Community. The questionnaire covered 
ftveraJ aspects of the child's respiratory his¬ 
tory, family frooking and respiratory profile, 
certain aspects of the child’s medical back¬ 
ground, and information relating to the qual^ 
ity of the dweUing and socioeconomic dreum- 
nances of the family. There were differences 
between our questionnaire and that developed 
by the American Thoracic Society (17)j In our 
questionnaire, a distinction was made between 
morning cough and cough during the day or 
Dighu the respondent being asked if the child 
usually coughed in the morning or during the 
day or night, respectively. Sputum produc¬ 
tion was not asked about. The question on 
wheezing inquired if the chest ever sounded 
wheezy or whistling. In addition, a question 
about asthmatic attacks in the previous 12 
months was included. TWo questions related 
10 acute respiratory illness were included. The 
ftrst asked about a period of cough and 
phlegm lasting for 3 wk or more and the sec¬ 
ond about any chest illness keeping the child 
home for a week or more. (A detailed ques- 
tionnairt is available from the writers.) In Year 
2, questions about early childhood illnesses 
were added that were derived from the ques¬ 
tionnaire designed by the American Thoracic 
Society (17). Our questionnaire was ad- 
minisicxtd in the home by a trained interviewer 
to the mother or female guardian, or in her 
absence, to the father or male guardian. The 
questionnaire was administered in each of the 
3 yi of the study prior to the performance 
of pulmonary funaion testing. 

Pulmonary function testing was performed 
at the child's school. Four types of pulmch 
nary function tests were performed: forced 
expired maneuvers (FEV,, FVC, MEF»*, 
MEFti, and MET), spirometry (a slow vital 
capacity (VQ following quiet breathing) (VC, 
ERV), single-breath nitrogen washout 
(CVA^C, Nj difference) and multiple-breath 


caied in the wes t er n pan of the dty. Prevail- 
i&f winds are from the southwest. 

Initial air quality monitoring during the pi¬ 
lot study had indicated the pretence of sub¬ 
stantial gradients for both panictiiites and 
SO), with the mountain section having lower 
levels than the lower section of the city. On 
this basis and on the knowledge of prevailing 
winds, we divided the city into 4 quadrants 
(Hgurt 1) for the purpose of setection of the 
sample to be studied. The sampling frame was 
aU public elementary schools within the dty 
of Hamilton. Sample size considerations dic¬ 
tated that at least 800 children would be re¬ 
quired within each quadrant. A differtnet of 
5 to 7^ in the mean of a particular pulmo¬ 
nary function viriible was felt to be neces- 
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nitrogen v^hout (iFR<^). The additional use 
of the single-breath nitrogen washout was 
justified b>’ the study of Bccklakc and ccjwork- 
cn (IS), who showed an increase in closing 
volume in children exposed to a hi^ paiticu- 
Ute/SOa cnvironmcniL 
Air quality was measured by a comprehen¬ 
sive paniculate and SO, network. There were 
27 monitored sites forTSP using hi-vol sam¬ 
plers, with 9 addinona] hi-vol samplers with 
Anderses 4-stafe cascade impactors for the 
measurement of mass median diaroeitr. Is 
addition, there were 16 sines for SO, moni¬ 
tored in groups of 8, wKvng Beckman 906A 
monitors (Bccknan Instruments, Fullerton, 
CA), for 6-wk periods in roution. Thesr snes 
were distributed throughout the city. Details 
of air qualiry monitoring will be contained 
in a subsequent report. 

Protocol 

In the questionnaire survey, intervimvers were 
randomly assigned to eligible children attach 
school to be visited, thus ensuring that several 
interviewers would be assigned to each school. 

In addition, interviewers were rotated to 
schools in different parts of the city. The par¬ 
ents had been informed in advance bj^ kiter 
to expea a phone call from the interviewer. 
The letter also described the purpose of the 
study as being the investigation of the child’s 
respiratory health. No mention was made of 
air poUUtionj Each interviewer telephoned the 
parent or guardian to arrange for an appoint¬ 
ment for questionnaire admimstmion. There 
was provision for 3 call-backs, if no contact 
was established initially, before no further at¬ 
tempt at interviewing was made. At the time 
of conuci, the interviewer was able to screen 
out those children who were older than 10 
yr of age in the first year of; testing; If the 
parent consented to the interview, they were 
then visited by the interviewer. The percent^ 
age of those eligible, for whom an interview 
was not obtained, including those with whom 
no contact could be esiablishedi ranged from 
4.6^ in Year i: to in Year 5 (uble 2). 
No further attempt was made to follow these. 
Interpreters were used as necessary, but were 
required for less than of the parents. At 
the end of the interview, the pulmonary func¬ 
tion test was explained to the parent or guard¬ 
ian, and written consent for the test was ob¬ 
tained at that time. The completed question¬ 
naire was then returned for coding, 
keypunching, and data storage at the Com- 
puution Services Unit at the Health Sciences 
Centre, McMaster University. 

Pulmonary function testing was per¬ 
formed, throughout the school year, within 
4 wk of the completion of the interview. TWo 
teams of pulmonary function technidaru were 
assigned alternately to a Khool'ih the upper 
and in the lower part of the dry; The testing 
routine was explained initially to all the stu- 
ddits at an assemply and explained further 
to each child at the time of his or her< testing. 
A questionnaire about smoking habits was 
alio administered to the child at the time of 
testing in the third year of the study. Puimo- 
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CONSENT AND TESTING RATE FOR SAMPLE 
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nary function testing was performed using the 
Hewlett-Packard 47804APulmonary Calcu¬ 
lator System (Hewlett-Packard, Waltham* 
MA). in this system, flow is measured by a 
pneumotachygraph, and volume is computed 
internally by iniegraiidn with time. Calibra¬ 
tion of the 2 systems used was performed twice 
daily with a 2-L syringe. Correction for am¬ 
bient temperature and pressure was performed 
iniemally by the computer system by enter¬ 
ing the appropriate values. After measurement 
of height and weight, the child first performed 
a multiple-breath nitrogen washouts This was 
followed by at least 3 forced expired maneu¬ 
vers. For acceptance, the 2 largest FVC values 
had to be within 5^# of each other. AJl meas¬ 
urements were uken from the maneuver with 
the greatest sum of FVC and FE V,, Spirome¬ 
try was then performed. If the VC obtained 
was less than the FVC by more than lO^t, the 
spirometry was repeated until the estimate was 
within However, if the VC was greater 
than the FVC by more than 10^, then the 
forced expired maneuver was repeated until 
the FVC estimate was within lO^i of VC. Fi¬ 
nally. at least 2 single-breath nitrogen 
washouts were performed in which the expired 
nitrogen concentration was continuously plot¬ 
ted against VC. The method used was that 
of Mansell and associates (19), but without 
the additional dead space. For acceptance of 
the single-breath nitrogen washout test, the 
VC had to be within 10^ of the largest previ¬ 
ous VC from spirometry. U both single-breath 
maneuven were acceptable, then the closing 
volume from the maneuver with the greater 
VC was uken for analysis. The presence of 
an upper or lower respiratory ihfeaion was 
noted by the technician at the time of the test. 
However, the test was always performed, the 
infection dau to be used at the time of analy¬ 
sis to estimate the effect of the infection on 
pulmonary function. The testing followed the 
same sequence in Years 2 and 3, except that 
in Year 3, the single-breath nitrogen washout 
was omitted because of p<wr reproducibility 
(see I>iscussiON). The child was not neces¬ 
sarily tested with the same system nor by the 
same technician, but comparison of results 
from the 2 teams was performed at regular 
intervals to identify any systematic differ¬ 
ences. 

All measurements of flow and of volume 
were computed imcmally, with output being 
recorded by an on-line printer. Closing vol¬ 
ume, however, was computed by inspection 


of the single-breath nitrogen washout curve, 
and was uken at that point of inflection of 
the nitrogen washout curve from a Line drawn 
through phase 3 of the curve (19). These results 
were then retumed for coding, keypunching, 
and data storage in a manner similar to the 
questionnaire data. 

The quality control of the data gathered 
was performed in several ways. For both the 
questionnaire and the pulmonary funaion 
coding, a random sample of the dau was 
recoded by a second coder. The reliability of 
the questionnaire dau was estimated by the 
random seieaion of 4 interviewers after each 
pair of schools was completed. For each in¬ 
terviewer, 2 interviews were randomly chosen, 
and within those interviews, 2 questions were 
randomly selected; The appropriate respon¬ 
dent was then phoned and the questions were 
asked again. Apart from estinuting the relia¬ 
bility of the answers, this procedure also veri¬ 
fied that the original i interview had indeed 
taken place. IntcriniervieweT variation or bias 
was estimated by comparing the response rates 
to certain questions obtained by each inter¬ 
viewer. These dau were then examined to see 
if any differences between interviewers might 
be greater than that caused by chance alone. 

When such a difference was found, interview¬ 
ing technique was revi6ved to ensure con¬ 
sistency of technique. In no case was it neces¬ 
sary to change any of the interviewing suff 
because of poor reliability. 

The reliability of the pulmonary function 
testing was estimated by the retesting of 8 chil- 
dim in each school, 2 children randomly cho¬ 
sen from each age group. AU dau from pul¬ 
monary funrtion testing were passed through 
a range checking program after dau storage, 
the range being 4 standard deviations centered 
at the mean* these interval cstimat«^ of 
parameters being derived from the original 
pilot study. Finally, we were interested in de- 
termining any systematic differences between 
the 2 pulmonary funaion testing teams. The 

presence ofany differences was estimated by ^ 

parallel line regression analysis for 4 of the i 
variables measured (FVC, MEFr». MET, and w 
eVA'Q. This technique used regression anal- CO 
ysis to fit • regression line separately to the QJ 
daucoUeaed by each team; if the linear rela- w a 
tibnship >va5 the appropriate model, then the 
hypothesis that the 2 lines were parallel was W 
tested. If this hypothesis was not rejected, then 
the hypothesis that the intercepts were the 
same was tested. If the second hypothesis was 
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ikot rtjcaed then it wras concluded that the 
regression lines for the 2 teams vrere coinci* 
dent (20): 

A fmal quality control measure was an ex- 
tmination of the proportion of missing values 
for each variable for each team, as an indica¬ 
tor of systematic differences t^ween the 2 
teams. The anaJy^ and the results of these 
quality control measures v^nlt be described in 
detail in a separate report. However, the relia¬ 
bility of the questionnaire and pulmonary 
function data, and the success rates of puU 
monary funaion testing, are described in this 
report. 

Statistical analyses were perfotroed by sub- 
programs in the Statistical Package for the 
Social Sciences (21). The difference between 
sample means was tested for significance by 
subprogram / test for paired samples. Pear¬ 
son^ ^oduct-moment correlation coeffidenti 
as a measure of association of 2 independent 
variables, was computed by subprogram scat- 
tergrami Hypothesis tests were all two-tailed. 

AaautU 

Characteristics of Cohort 
The number who were eligible for test¬ 
ing in each year of the study is shown 
in uble 2. To be eligible, the child could 
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TABLE 4 

PREVALENCE OF DOMESTIC FACTORS BY AREA OF CfTY: YEAR 2* * 
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itot have attained his or her eleventh 
birthday before I>eccmber 31, 1978. This 
table also shows the interview comple¬ 
tion rate obtained in each year. The rate, 
which was above 95 for each year, is 
considered acceptable, in addition, the 
percenuge giving consent for the pulmo¬ 
nary funaion testing was virtually iden¬ 
tical to that giving consent for interview. 
There was, however^ a degree of attrition 
after consent was given for pulmonary 
funaion testing, before the test was per¬ 
formed. The major reason for this was 
the child having moved from a testing 
school into a nontesting school during 
the time betvwn consent and testing. 
This attrition was less in Yean 2 and 3. 

An important feature of the study was 


the ability to follow the initial cohort into 
the second and third yean of the study. 
The particular importance of this is the 
ability to measure changes in pulmonary 
funaion variables as the child grows. It 
is possible that the rate of change of a 
particular pulmonary funaion variable 
might be a more sensitive outcome meas¬ 
ure than the use of a single point esti¬ 
mate. The number of children with pul¬ 
monary function testing in Year 1 who 
were tested in Yean 2 and 3 (approxi¬ 
mately 75^^ of the original cohort) is 
shown in figure 2. The figure also shows 
the number of children added in Year 2 
and how many of these were foUowed into 
Year 3. The charaaeristics of the chil¬ 
dren at the time of pulmonary function 


TABLE s 

PREVALENCE OF SMOKING* 


^{yr) 



0 

• 

10 

11 

12 

13 

Total 

Ar»y hiaiory ol amokinO^ 

Ym 

NO 

0(0) 

3 

57 (lV.8) 

425 

175 (16.1) 
761 

250 (26.3) 

•34 

108 (373) 
310 

37 (50.0) 

37 

707 p4.3); 
2300 

Total 

3 

462 

066 

064 


74 

2,007 

Smoking In laal 4 wkt 

Yk 

No 


0(3.6) 

53 

28 (16 4) 
143 

41 (17.0) 1 
200' 

66 (30.6) 
126 

12(32 4) 

25 

130 (20.3) 

547 

Total 


5$ 

171 

241 

102 

37 

606 
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TABLE 6 


REPEATABILTTY Of RESPIRATORY SYMPTOM QUESTIONS 


Ouoston 

Row Agrssmsnt 

Chanoo-Corrsasd 

Agrssrnsnl 

CcNjgh inimoming 

0.92 

0* 

Cough dunng ctey or mgm 

0.90 

0* 

Chom wNotzy or 

080 

0.53 

Asthm* m proviou* 12 momha 

,0.96 

0.76 

Coki gom to chMt tmialty 

Cough and phtogm for 3 writ 

*1.0 

1X1 *» 

in pmnoui 12 months 

Absonot from seftooi tor 1 wk or mors 

0.95 

0* 

in pnvious 12 momhs 

1.0 

1.0 


* in MCA o«M. on* wm saro, mMunQ Kapfw m unrMabM MOrnM* of chMO^covracMd 


testing in each of the 3 yr are shown in 
table 3. There is a slight excess of m^es 
over females in each year, and the pre* 
dominant Caucasian ethnic characteris¬ 
tic of the sample is to be noted. 
Previous studies have shown that cer¬ 
tain faaors other than outdoor air qual¬ 
ity can be related to the incidence or prev¬ 
alence of childhood respiratory disease 
(7,10» 13). The distribution of these fac¬ 
tors in each of the 4 original quadrants, 
and also in the additional group of 
schools in the industrial core that were 
added in Year 2, are shown in table 4. 
In this table, a smoker is one who smokes 

1 or more cigarettes or cigars per day. The 
percentage with cough includes those 
with a positive answer to either of the 
questions: “Do you usually cough in the 
morning?’’ or “Do you usually cough 
during the day or night?” To simplify the 
presentation, only the results from Year 

2 are shown. However, those from Years 
I and 3 are similar. TRie prevalence of 
these factors varied across the city and 
was highest in the industrial area, where 
the level of TSP was also the highest (ta¬ 
ble 1). A further, potentially confound¬ 
ing covariable was the prevalence of 
smoking by the children themselves. Be¬ 
cause the age interval in the first year was 
between 7 and 10 yr of age, we did not 
expect to find many smokers. However, 
by the third year of the study, it might 
be expected that some of the older chil¬ 
dren would have commenced regular 
smoking. We therefore administered a 
smoking questionnaire to the children at 
the time of pulmonary funrtion testing. 
The number of children in each age group 
who stated that they had smoked at least 
1 cigarette in the last 4 wk is shown in 
table 3. 

Quaiity Control 

The repeatability of the respiratory symp¬ 
tom questions is shown in ublc 6, which 


details the agreement statistics for each 
of these questions, both in terms of raw 
agreement and of chance-corrected 
agreement (Kappa). In certain cases, 
Kappa was an unreliable estimate of 
chance-corrected agreement, because one 
marginal of the 2 x 2 table from which 
the Kappa was to be computed was zero. 
Kappa ranged from a substantial level of 
0;56 to an excellent level of LO. The per¬ 


centage of missing values by team for 
variables derived from the 4 pulmonary 
function maneuvers is shown in tabic 7. 
The values arc shown for Year 1. The 
commonest reason for a pulmonary 
function value to be missing was that the 
child could not meet the required criteria 
for test acceptance. These results, there¬ 
fore, give a comparison of ability of the 
2 teams in obtaining successful tests for 
each test in each age group. The repcau- 
biiiiies of the lung function measure- 
menu in Years 1 and 2 of the study arc 
shown in tables 8 and 9. There were small 
but significant differences for several of 
thcmcasurcmenu (FVC, MEF», MEFw, 
MET, and VC) in Year I and to a larger 
extent in Year 2. The results for Year 3 
are not displayed for sake of brevity, but 
they showed no significant differences. 
The product-moment correlation coeffi- 
cienu for certain'of these variables are 
shown in table 10 for Year L These range 
from 0.97 for FVC to 0.14i for CV/VC. 
The reproducibility of these tests might' 
have bttn affcaed by the presence of a 
respiratory infection during either the ini- 


TABLE 7 



PERCENTAGE OF MISSING VALUES BY, TEAM: 

YEAR 1 



Vshtbio 

Tsom 



Ags {yr) 



Tout 

6 

7 

8 

9 

10 

11 

FVC 

A 

0.0 

1.0 

0.4 

2.1 

0.3 

2.6 

1.0 


B 

0.0 

33 

1.6 

1.3 

0.9 

34 

1.8 

VC 

A 

33 3 

12.5 

51 

7.5 

1.0 

0.0 

64 


B 

33.3 

11.5 

54 

24 

18 

34 

5.1 

FRC 

A 

16 7 

56 

39 

4.8 

1.0 

0 0 

39 


B 

167 

10.4 

5.0 

1.5 

1.3 

34 

4.4 

CV 

A 

66.7 

49 0 

286 

238 

126 

5 1 

27 7 


B 

333 

374 

242 

14.3 

8.0 

207 

2ia 

N, diftsrsnot 

A 

66.7 

493 

28 8 

238 

126 

5.1 

27,9 


B 

33.3 

38.5 

242 

14.0 

9.0 

20,7 

21.3 

Chiidrsn issfsd. n 

A 

6 

304 

532 

460 

296 

39 

1.647 


B 

6 

270 

501 

456 

223 

29 

1.495 
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TABLE • 

REPEATABIUTY OF LUNG FUNCTION MEASUREMENTS; YEAR 1 


VaritbM 

n 

Mssn 

SO 

Msan 

SO 

r Vaius 

(2-Uuto<l) 

FVC 

216 

2.04 

041 

2.07 

041 

-3 96 

< 0.001 

FEV, 

216 

1.67 

0.31 

1.66 

0.31 

1.33 

0190 

MEF» 

215 

233 

062 

2.14 

0.59 

3 57 

< 0.001 

MEFp, 

211 

0.99 

0.36 

094 

0.32 

345 

0001 

MET 

215 

0.57 

0 17 

059 

0 16 

-3 13 

0 002 

VC 

220 

2.05 

0 41 

206 

040 

-3.» 

0.001 

FRC 

210' 

1.19 

031 

1.19 

0.29 

013 

0895 

CV/VC 

166 

0.134 

0.09 

0.12 

0078 

1 42 

0 158 

Htom 

160 

1.04 

0.66 

1.03 

0.52 

0 13 

0 900 

OWtnmofi af t 


nr MET • mtanftrmorr Wm 

MoondS For 

Olho» MSniMno. 

MO IMM 7, 
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TABLE 9 


repeatability op lung FUNGTKm measurements YEAR 2 


VA/iaM 

n 

Inma) 

R*pMt 

rval^ 

p VaIi 1>4 
(2-UilA(5) 

Mmd 

SD 

Mat/) 

BD 

FVC 

2S6 

2.37 

047 

2.35 

0.51 

224 

0.026 

FEV, 

256 

1.91 

0.36 

1.88 

0.39 

286 

0.006 

MEft» 

tS4 

246 

0.63 

2 39 

0.66 

284 

0.009 

MEF^ 

254 

1.06 

0.34 

liO 

a36 

149 

0.136 

MET 

256 

0.59 

016 

060 

0.19 

-1.79 

0.75 

VC 

255 

2.39 

0.47 

2^6 

0 49 

2.37 

0.019 

FRC 

253 

ia2 

0 33 

1.31 

oa4 

027 

0713 

cvrvc 

226 

0.12 

O.OB 

0.12 

009 

-013 

0.897 


226 

0.88 

0.50 

0.85 

0 44 

1.35 

0178 


tial or the repeat test. The repeatabilities 
of the lung function measurements were 
therefore reanalyzed, omitting from the 
analysis any test during which the pres¬ 
ence of an upper or lower respiratory in¬ 
fection had been recordedi The results 
from this analysis are shown.in table 11. 
Comparison with Ublc 9 docs not'indi¬ 
cate that the reproducibility, of the test 
was improved by the exclusion of current 
respiratory infeaions. In addition, for no 
variable was the product-moment corre¬ 
lation cocfncicnt changed by the exclu¬ 
sion of respiratory infections. 


Diacuaaion 

This report outlines the background to 
the study that has been undertaken, the 
design of this study, and the methods that 
were used, and it describes the sample 
that was studied, both in terms of its 
characteristics and also in terms of im¬ 
portant covariablcs. The design of the 
study was innovative in selecting schools 
within each of 4 quadrants of the city 
in expectation that these areas would 
show different levels of air quality. How¬ 
ever, the area of the city with TSP levels 
greater than 60 annual geometric 
mean was underrepresented when the air 
quality results from the first year were 
analyzed. This required the addition of 


3 schools in the industrial core in the sec¬ 
ond year to achieve a gradient of air qual¬ 
ity that one might expect to show an ef¬ 
fect on the child’s respiratory health. 
Financial constraints often dictate that 
air quality monitoring is done at the same 
time as the measurements of respiratory 
disease outcomes in children or in adults. 
However, without detailed prior infor¬ 
mation about the distribution of air qual¬ 
ity gradients, modification of the design 
may be required during the course of the 
study, with the increased difficulty this 
might give in the analysis of the resulu. 
Random selection of schools within each 
quadrant was performed for this health 
study in the first year but not with the 
additional ischools in the second year, be¬ 
cause all the schools in the industrial core 
(that is, the area of highest paniculate 
levels) were chosen for inclusion in the 
study. 

The cooperation obtained from the 
Board of Education for the City of 
Hamilton and the parents of the children 
was excellent. We feel that the response 
rate in excess of 95% obtained in each 
year enables us to extrapolate any con¬ 
clusions from the sample chosen to the 
total population of children at risk. 

It was not surprising to find that the 


distribution of covariables, which might 
influence the child’s respiratory healihi 
was not uniform across the city. Ini the 
examination of the relationship between 
levels of air pollutants and respiratory 
hcaJth,,uis very important that any con¬ 
founding effect of covariables be distin¬ 
guished from the effect of air pollution 
itself. We have shown that the industrial 
area, which has the highest level of TSP, 
has dso thf highest prevalence of domes¬ 
tic smoking, parental respiratory symp¬ 
toms, and gas cooking (22). 

A f^urthcr important consideration in 
the study of the effect of air quality on 
respiratory health is the previous mobil¬ 
ity of the sample being studied. As table 
4 shows, the proportion of children who 
had lived at their present address for less 
than!2 yr varied from 34:4% in the in¬ 
dustrial core to 19.0% on the casicm part 
of the mountain. This difference would 
also have to be uken into account in any 
analysis of these results. 

Cigarette smoking by the children 
themselves also becomes important in 
thiV particular age group as it can lead 
to respiratory disease. Tager and cowork- 
ers (23) showed that children’s smoking 
habits must be taken into account when 
looking at any putative effect of parent 
ial smoking. Direct validation of the es¬ 
timates of smoking obtained from our 
smoking questiormaire was not per¬ 
formed. However, the percentage of chil¬ 
dren admitting to smoking in the previ¬ 
ous 4 wk docs increase in the expected 
direction with increasing age. In addition, 
these data arc comparable to those ob¬ 
tained by Brown and colleagues (24) in 
their survey of smoking habits in Cana¬ 
dian Khool childrcm We arc therefore 
confidcni that these results do rcfieci the 
smoking habiu of the children. However, 
the rate of 4.8% who had smoked in the 
previous 4 wk is unlikely to affect the in¬ 
terpretation of the results. 


TABLE 


TABLE 10 

PRODUCT-MOMENT CORRELATION 
COEFFICIENT Of INfllAL ANDi REPEAT 
ESTIMATES Of PULMONARY 
FUNCTION VARIABLES 



YMr 1 

YMr2 

FVC 

0.97 

0.66 

FEV, 

0.94 

083 

MEF^ 

070 

074 

MET 

0.72 

0.81 

RV 

0.40 

0 43 

cv/vc 

0 14 

0 03 


REPEATABILITY Of LUNG FUNCTION MEASUREMENTS 
RESPIRATORY INFECTIONS EXCLUDED YEAR 1 



n 

Inlual 

R«P««t 

r VAiiM 

p VAlkM 
p-uilad) 

Maa» 

SD 

Mmh 

BD 

FVC 

159 

2 02 

0.41 

204 

041 

-3 47 

< 0 001 

FEV, 

159 

1.66 

0.30 

1.64 

0.30 

0.97 

0.'37 

MEF,. 

158 

2.26 

0.61 

215 

038 

3.26 

0 001 

MEF,, 

158 

100 

0.34 

0.94 

0.32 

2 99 

0 003 

MET 

158 

056 

0,17 

058 

0 16 

-2.93 

0 004 

VC 

162 

2.03 

0 40' 

2.05 

0.40 

-2.55 

0.012 

FRC 

157 

1.17 

0.32 

1 17 

029 

-0.31 

0 76 

CV/VC 

123 

0 14 

0.08 

013 

0.06 

123 

0 19 

N, Drtf 

120 

1.01 

0.59 

1 06 

0.50 

-0 13 

090 
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The results of a number of quality coo- 
* trol procedures were part of the study. 
The repeatability of the respiratory symp¬ 
tom questions was estimated only when 
those particular questions were asked 
from the randomly chosen question¬ 
naires. We thought it important to com¬ 
pute chance-corrected agreement (Kap¬ 
pa), because the raw agreement, when the 
prevalence of a particular symptom is 
low, may give a false impression of good 
agreement, when in fact most of the 
agreement is due to chance alone. For 3 
cases. Kappa could not be computed: On 
Ihc other hand^by the criterion of Landis 
and Koch (25)» agreement was substan¬ 
tial or better for the questions on asthma, 
colds to chest, and absence from school 
for more than I wk with a chest illness. 
It was only slightly less than substantial 
for the question on wheezing or whis¬ 
tling in the chest. 

The ability of young children to per¬ 
form pulmonary funaion maneuvers is 
shown in table 7. The forced expired ma¬ 
neuver vwis the one most successfully per¬ 
formed. In the older age groups, slow 
spirometry and the multiple-breath nitro¬ 
gen washout were equally «t!l per¬ 
formed. In contrast, the single-breaih 
nitrogen washout had a failure rate in ex¬ 
cess of 20^. This lack of success for 
this particular test did not improve in 
Year 2 and it has been our experience that 
the single-breath nitrogen washout test 
is a difficult maneuver to employ in 
large scale epidemiologic monitoring in 
children. 

In tables 8 and 9, it can be seen that 
in Years 1 and 2 there were small but sig¬ 
nificant differences between the initial 
and repeat estimates of a number of the 
pulmonary function variables that were 
not due to the presence of a respiratory 
infertion; The dif ferences were not found 
to be significant, however, in Year 3. No 
significant differences were found be¬ 
tween the initial and repeat estimates for 
the variables derived from the multiple- 
and single-breath nitrogen washout 
maneuvers. However, for these variables, 
the coefficient of variation was much 
greater than for the variables derived 
from the forced expired maneuver, and 
therefore the analysis was less powerful 
in being able to demonstrate a difference 
if one really existed: An additional meas¬ 
ure of association, the correlation coeffi¬ 
cient, was high for the variables (FEV, 
and I^C) derived from the forced expired 
maneuver, but was much less for those 
variables derived from the single-breath 
nitrogen washout. This low correlation 
teducts considerably the usefulness of 


the single-breath nitrogen washout test 
because the amount of random variation 
may well obscure any true difference be¬ 
tween samples. 

In conclusion, we have described the 
design and execution of a study of the ef¬ 
fects of environmental factors on the res¬ 
piratory health of children within a sin¬ 
gle city. The random selection and high 
response rate have ensured thaVthc sam^ 
pie is charaaeristic of the population of 
interest in the city. The accurate estima¬ 
tion of pollution exposure has required 
a more comprehensive network of air 
quality moniton than would normally 
be employed in a single city. The non- 
uniform distribution within the city of 
covariables, such as parental smoking 
and coughs has implications for the de¬ 
tection of the effects of suspended par¬ 
ticulates and SO 2 , especially when those 
effeas arc likely to be small at current 
levels of these pollutants. If presenu these 
effects arc only likely to be detected with: 
samples as large as the one that we have 
studied. 

Pulmonary function testing, even in 
the youngest of children, had a high rate 
of success with the exception of the 
single-breath nitrogen washout. We were 
disappointed with the lower rate of suc¬ 
cess of this test, its greater degree of varia¬ 
bility, and its lack of reproducibility. For 
these reasons, it was omitted from the 
Year 3 testing; we feel that its place in 
large scale epidemiologic testing has not 
been justified. 
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